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INTRODUCTION 


of  estlmting  the  operator's  reserve  capacity  In 
a complex  task  environment. 


The  primary  mission  of  the  Air  Force  Aerospace 
Medical  Research  Laboratory,  Systems  Research 
Branch  (AMRL/KEB),  is  to  develop  quantitative 
techniques,  methods  and  models  of  operator  perform- 
ance and  man/machine  systems  to  specify  system 
design  criteria  and  ef fectiveness.  The  major 
thrust  of  this  development  has  been  through  the 
use  of  the  Human  Engineering  Systems  Simulator 
(HESS)— composed  of  an  IBM  370  (Model  155) 
computer  with  attached  IBM  2250  graphic  display 
units  and  extensive  software  developed  by  AMRL 
and  the  IBM  Corporation.  * 

The  HESS  has  made  possible  simulation  of 
relatively  complex  activltiO  such  as  multi- 
operator  remotely-piloted  vehicle  (RPV)  missions, 
using  live  subjects  as  operators.  Another  area 
under  investigation  has  been  the  assessment  of 
performance  in  the  operation  of  a multi- function 
keyboard  (MFK)  within  a digital  avionics  framework. 
See  Hoffman  (1975)  for  a more  detailed  description 
of  the  Digital  Avionics  information  System  (DAIS). 

Although  man-ln-the-loop  real-time  simulations 
are  a necessary  part  of  this  research,  they  can 
he  time-consuming  and  expensive— especially  when 
a large  number  oi  variables  are  of  interest  and 
numerous  experimental  runs  are  required.  A 
potential  solution  to  this  problem  has  been  the 
development  of  simulation  techniques  which  model 
the  operator  as  well  as  the  system  processes  and 
parameters.  One  of  these  techniques,  called 
SAINT  (Systems  Analysis  oi  Integrated  Networks  of 
Taske),  will  be  used  in  this  paper. 

The  objectives  of  this  paper  are  twofold. 

First,  it  is  intended  as  a demonstration  of  how 
SAINT  can  be  used  to  model  psychological  theory. 
r*nce  a basic  model  is  constructed,  candidate 
processes  can  be  added  or  deleted  and  parameters 
*av  be  varied  by  simply  adding  or  altering  cards 
in  the  b4*ic  input  deck,  in  this  way  test  and 
development  of  theory  can  proceed  quickly  with 
minimum  cost,  the  second  objective  Is  to  serve 
as  an  Initial  investigation  of  performance  assess- 
ment metrics,  the  process  te  be  mod* led  here  is 
being  studied  by  AMRL  «*  a met  hod  of  measuring 
the  interaction  between  a primary  task  and  some 
c.ondarv  loading  task.  Successful  modeling  of 
th>;i<  tasks  and  the  cognitive  processes  underlying 
then  could  greatly  facilitate  the  development  of 
such  performance  metrics—  specif ically  in  terms 


SYSTEMS  ANALYSIS  OF  INTEGRATED 
NETWORKS  OF  TASKS  (SAINT) 

The  SAINT  modeling  technique  and  computer 
program  were  developed  to  aid  in  the  design  and 
performance  evaluation  of  complex  man/machlne 
systems.  Systems  are  created  as  graphical  networks 
of  task  activities  with  which  one  or  more  operators 
Interact.  Each  task  In  a network  is  described  as 
to  how  Its  performance  affect*  the  overall  system 
and  how  it  is  related  to  other* tasks  within  tho 
system.  The  graphical  operstor/tssk  analysis 
system  description  la  entered  Into  the  SAINT 
computer  program  for  automated  performance 
assessment.  Employing  Monte  Carlo  techniques, 

SAINT  permits  th*  simulation  of  probabilistic  and 
conditions!  task  performance  descriptions  and 
precedence  relationships.  It  also  permits  th« 
collection  of  statistical  estimates  of  system 
performance.  The  SAINT  program  is  capable  of 
simulating  continuous  or  discrete  system  state 
variables  and  their  response  to  discrete  control 
task  execution.  Another  major  capability  of  the 
program  is  the  modification  of  operator  and 
system  character  1st |rs  In  response  to  system- 
internal  or  external  simulated  "events."  SAINT 
Hi  is  used  in  this  demonstration  (see  Seifert, 
1975). 

THE  ITEM  NECOGNITIUN  FARaDICM 

Much  o t the  earlier  research  into  assessing 
pilot  performance  has  been  accomplished  hy  means 
of  various  secondary  psyehomefor  tracking  tasks. 
While  motor  performance  is  extremely  important, 
the  fact  remains  that  a great  deal  of  the  pilot's 
workload  is  composed  of  internal,  higher-level, 
cognitive  process*';  he  has  a vast  amount  of 
information  to  prices*  and  a^ t upon  in  the  court# 
of  a mission  which  has  an  impact  on  flight 
performance,  the  preblc-a  ha*  been:  How  can  the 

effects  of  mental  work  upon  the  primary  flight 
t4*k  he  mr—'ired  ft  the  laboratory*  The  »elufton 
to  this  problem  must  also  deal  with  the  objection 
often  he-rrd  regarding  secondary  tasks  used  as 
metrics;  l.e..  units*  stringent  pr tor  it  leaf  ion  of 
task  and  metric  U maintained,  confounding  will 
result.  The  mcarutement  technique,  therefore, 
should  not  diarv.pt  performance  on  the  primary 
task. 
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One  poeeible  approach  haa  been  adopted’  for 
investigation  by  AMRL;  this  is  the  use  of  an  iteu 
recognition  paradigm.  Sternberg  of  Bell  Telephone 
Laba  extended  this  methodology  in  the  late  sixties; 
since  then  well  over  a hundred  experiments  have 
been  done  using  the  technique.  Basically,  the 
procedure  conaiats  of  presenting  to  the  subject  a 
short  list  of  items  to  be  remembered.  This  is 
called  the  positive  or  memory  or — as  we  prefer  to 
label  it  at  AMRL— the  critical  set.  After 
presentation  of  the  critical  set  a single  test 
stimulus  is  presented;  the  subject  must  decide  as 
quickly  as  possible  whether  the  test  item  is  or 
la  not  a member  of  the  critical  set.  He  then 
depresses  one  of  two  response  keys  which  have 
been  designated  in  advance  as  "critical”  or  "non- 
critical."  The  dependent  measure  is  the  total 
reaction  time  (RT)  from  onset  of  the  test  probe 
to  the  activation  of  one  of  the  keys.  The  critical 
aet  can  be  presented  in  one  of  two  procedures, 
fixed* or  varied-set.  The  fixed-set  procedure 
Involves  presentation  of  the  critical  set  for 
memorisation  just  once;  the  subject  learns  the 
items  and  they  are  used  over  a long  series  of 
trials.  The  varied-set  procedure,  conversely, 
changes  the  critical  set  stimuli  on  every  trial. 
Theoretically,  the  fixed-aet  stimuli  are  thought 
to  be  stored  in  lc.ig-term  memory,  while  the 
varied-set  items  must  be  accessed  within  a few 
seconds  after  presentation  and  are  therefore 
thought  to  be  located  in  short-term  memory. 

The  subject  is  encouraged,  sometimes  by  means 
of  a payoff  scheme,  to  respond  as  quickly  as 
possible  while  still  sustaining  a high  level  of 
accuracy.  Typically,  the  error  rate  is  in  the 
range  of  J-5X,  depending  upon  the  neture  of  the 
etlmull.  The  item  recognition  paradigm  it  rather 
unique  in  thla  respect;  most  other  methods  ol 
examining  memory  and  information  processing  have 
oeed  accuracy  aa  the  primary  measure— that  is, 
they  have  studied  the  failure  to  remember.  Since 
it  is  difficult  to  diecern  in  which  part  of  the 
memory  storage  and  retrieval  operations  the 
failure  has  occurred,  little  Insight  Into  the 
memory  process  can  be  gained.  By  studying 
cognitive  processes  under  a condition  in  which 
memory  la  functioning  successfully,  the  Item 
recognition  technique  can  induce  some  of  th* 
mechanisms  at  work  to  reveal  themselves  by 
studying  the  time  they  require  to  operate. 

RT*«  yielded  by  application  of  the  item 
recognition  technique  ate  decomposed  and  analysed 
by  assuming  the  total  XT  to  consist  of  separate, 
non-overlapping  stages.  These  hypothetical 
stages  have  been  used  by  Smiv.h  (l9t>8)  as  a frame- 
work for  hie  review  of  the  choice  Xf  literature 
and  were  used  as  a guide  in  this  demonstration, 
briefly,  the  stages  are:  (1)  the  test  stimulus 

Is  sensed  and  then  preprocessed  (encoded)  in  some 
manner  to  put  it  in  a suitable  format  for  compari- 
son with  the  critical  set  items  already  in  short 
term  07  active  memory;  (It)  the  representation  of 
the  test  item  is  compared  to  the  critical  set 
representations,  on*  at  a time;  the  output  of 
this  stage  is  either  "match"  or  "no* match"; 

(111)  based  on  the  output  ot  Stage  it  a binary 
"yes"  or  "no"  (critical  or  nun-cr it ic«! ) u»c ion 
is  made  and  the  T*  i e "tel  t-h*nJ"  or 


"right-hand"  algnal  is  produced;  and  (IV)  the 
actual  motor  response  occurs.  These  events  are 
shown  in  Figure  1. 


STAGE  1 STAGE  H 


Fig.  1.  Theoretical  Stages  of  a Choice 
Resction  Time  Task  (after  Smith, 

1968) 

It  should  be  noted  here  that  not  all  investi- 
gators agree  with  the  assumption  of  non-overlapping 
stages;  however,  a discussion  of  tnla  controversy 
is  beyond  the  scope  of  this  paper.  Suffice  it  to 
say,  a great  amount  of  evidence  has  been  accumulated 
supporting  the  additive-stage  model  and  it  will 
be  the  approach  adopted  for  the  development  of 
this  demonstration. 

Typically,  Sternberg  obtains  the  following 
results.  When  RT  is  plotted  as  a function  of 
critical  set  sixe  (designated  M) , curves  similar 
to  those  in  Figure  2 are  the  result.  RT'a  are  a 
linear  function  of  M,  with  the  functions  for 
critical  ar.d  non-critleal  responses  being  parallel 
to,  and  separated  from  each  other  by  a constant 
AO  milliseconds  (ms);  critical  XT's  are  faster. 
(Sternberg  (1975)  has  noted  that  this  difference 
disappears  when  a critical  test  stimulus  occurs 
with  a probability  of  approximately  0.25.)  Some 
Investigators  have  obtained  a logarithmic  RT 
function  (e.g.,  Briggs  and  Blaha,  1969)  in  which 
linear  functions  result  only  when  M is  stated  as 
log;  of  the  critical  set  six*,  in  the  manner  ol 
the  Hc  information  measure  established  by  Shannon 
*nd  Wea  r (1962).  Krlstof ferson  (1975)  h4s 
shown  these  discrepancies  to  be  a function  of  the 
nature  of  the  positive  set  (e.g.,  whether  the 
item  in  M*1  i*  also  Contained  as  one  of  the  two 
Items  ir.  M»2— |.e.,  "nested")  and  the  amount  of 
practice  with  the  task. 

The  XT  functions  are  interpreted  as  follows. 

The  y-intercept  of  the  curve  contains  the  total 
lime  for  Stages  1.  1)1,  and  IV  as  described 
above.  The  slope  of  the  line  (in  ms/itrm)  Is 
thought  to  be  an  indicator  of  central  processing 
(memory  scanning)  rate  in  Stage  it.  Sternberg 
interprets  the  data  as  evidence  that  memory 
scanning  is  a serial,  exhaustive  search.  It  is 
serial  (i.e.,  items  In  memory  are  checked  one-at- 
a-time)  rather  limn  parallel  tall  items  examined 
simultaneously),  since  the  critical  and  non- 
critical  RT  functions  would  have  been  of  xere 
slope,  parallel  to  the  «*4>l*.  if  the  latter  were 
l»ue.  TW  Scan  is  exhaustive  because  the  two 
functions  are  of  the  same  slope.  11  the  search 
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NUMBER  OF  ELEMENTS  IN 
CRITICAL  MEMORY  SET  (M). 


the  SAINT  network.  (The  stages  ere:  (I)  Stimulus 

Encoding;  (II)  Memory  Search;  (III)  Response 
Selection;  and  (IV)  Reeponse  Execution.)  The 
baaic  equation  to  be  modeled  la 

RT  - I ♦ II (M)  ♦ III(PC)  ♦ IV 


RT  ■ total  time  Iron  stimulus  omet  to 
reaponae  execution 

I  ■ duration  of  Stage  I 

II  ■ duration/iteration  product  for  Stage  II 

H *’  number  of  critical  elements  in  memory  net 

III  ■ duration  of  Stage  III  (depende  on  both 
the  criticality  of  a stimulus  and  the 
ratio  of  crltlcal-to-total  stimulations, 
PC) 

PC  » ratio  of  eiltlcal-to-total  et Inula.  Iona 


Fig.  2.  Theoretical  RT-Function; 

Serial-Exhaustive  Search 


IV  - duration  of  Stage  IV 


had  been  self-terminating,  the  critical  curve 
•lope  would  have  been  1/2  the  alope  of  the  non- 
critical  curve,  alnce,  on  the  average,  the  acan 
could  be  terminated  half-way  through  the  memory 
•et  on  critical  trlala. 

THE  ITEM  RECOGNITION  PARADIGM  AS  A 
SECONDARY  TASK 

Under  contract  to  AMRL,  Rrlgga  and  hie  associates 
(Briggs,  Flatter,  Creenburg,  Lyons,  Peters,  and 
Shlnar , 1971)  p«.rfomed  the  first  expertnenta  in 
which  the  item  recognition  technique  was  uaed  aa 
a method  for  neaauring  workload.  It  la  baaed  on 
the  widely-accepted  aaaunptlon  that  central 
processing  capacity  is  finite.  Furthermore, 
whenever  a primary,  first  priority  task  la  being 
performed  simultaneously  with  some  secondary 
task,  the  measured  performance  on  the  second  task 
will  start  to  deteriorate  as  the  primary  task 
becomes  more  difficult,  thus  indicating  greater 
demand  on  central  processing  space  and  time. 

That  is,  this  methodology  enables  one  to  measure 

&y»slu- 

The  ability  to  assess  cognitive  workload  is  of 
real  importance  as  man/maehlne  systems,  such  as 
increasingly  sophisticated  aircraft,  place 
greater  and  greater  demands  upon  the  operator. 

The  item  recognition  secondary  task  technique  la 
being  applied  preeently  in  rk$  DAIS  manned 
simulation;  future  plans  call  for  its  incorpora- 
tion into  a SAINT  simulation  of  generalised 
msn/machlne  teaks. 

APPROACH  TO  MODELING  THE  ITEM 
RECOGNITION  PARADIGM 


Table  1 presents  a summary  of  the  data  and 
their  reepectlvc  sources  which  were  exploited  in 
developing  the  SAINT  network.  The  most  directly 
applicable  data  wars  provided  by  Sternberg  (1966). 
He  gave  valuee  for  II  and  for  (RT  - II).  These 
valuta  are:  11  la  equal  to  38  ms  per  critical 

element  in  the  memory  set  and  (RT  - II)  is  equal 
to  370  ma.  Krlstof ferson  11975)  employed  both 
one-  and  twj-ehoiee  RT  designs  in  implementing 
the  Sternberg  paradigm.  The  single-choice  RT 
data  are  apparently  unique1  and  afforded  ue  an 
opportunity  to  estimate  the  duration  of  Stage  III 
by  inference.  Wt  arbitrarily  (lacking  any  other 
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Task  Durations 


The  four  stage  representation  of  a choice 
reaction  time  task  provides  what  le  essentially  a 
flow  diagram  of  a cognltlve/paychomotor  protest. 
Each  of  these  stages  must  then  be  represented  in 


^'One- choice"  here  does  not  refer  to  a simple 
kT  procedure.  The  experimental  proceiur.-  wa*  the 
standard  Item  recognition  paradigm,  but  the  subject 
had  a single  response  key  and  depressed  it  only  if 
the  test  stimulus  was  critical.  Nan-critical 
st 'mull  required  no  response. 
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guidance)  chose  to  eakt  the  mean  of  the  Intercepts 
of  the  critical  and  non-crit.lcal  double-response 
cases  and  compared  that  valutt  to  the  Intercept 
for  the  single-response  case.  This  produced  an 
estimate  for  111  of  approximately  50  ms.  Sternberg 
(1975)  pointed  out  that  for  equally  probable 
critical  and  non-crltlcal  stimulations,  the  non- 
crltical  response  times  exceed  the  critical 
responses  by  approximately  40  ms.  Based  on  the 
definition  of  the  process  represented  by  Stage 
III,  this  time  difference  must  be  represented  In 
this  response  selection  phase.  Since  this 
artifact  does  not  manifest  Itself  for  unequal 
probabilities  of  critical  and  non-crltlcal 
atiaull,  two  distinct  representations  of  Stage 
III  are  required  in  the  network.  For  the  equal 
probability  case,  these  representations  (tasks) 
will  have  a mean  duration  of  50  ms  for  a critical 
stimulation  and  90  ms  for  a non-crltlcal  stimula- 
tion; If  the  probabilities  are  sufficiently 
unequal,  the  duration  will  be  50  ms  independent 
of  the  stimulus.  This  interpretation  differs 
from  Sternberg  (1975),  but  Is  consistent  with  the 
binary  decision  pioce  » represented  by  Stage  111. 

Woodworth  end  Schloabarg  (1954)  provided  the 
data  uaad  foi  estimating  the  duration  (and 
distribution)  of  Stags  IV.  Under  our  definition. 
Stage  IV  encompasses  both  nerve  conduction  and 
the  resultant  muscle  movement.  Date  iron  leaks 
requiring  simple  response  .o  visual  stimulation 
suggest  that  the  range  of  45  to  55  ms  Is  raasonable 
for  this  stage. 

The  mean  duration  of  Stage  1 is  estimated  by 
subtraction.  Using  the  astlmates  presented 
above,  we  have 

I  * 370-  111  - IV  • 370-  50-  5C  - 270  ms 

The  values  developed  from  the  literature  are 
used  In  the  network  as  arithmetic  means.  The 
distributions  of  stags  durations  are  estimated; 
Stages  1 and  11  are  normally  distributed,  Stage 
Ml  Is  weighted  by  s Canma  distribution  to 
reflect  the  skewness  typically  found  in  psyche- 
physical  reaction  time  data.  Stage  IV,  essentially 
physiologies!,  is  uniformly  distributed.  Sinllsrly, 
minima,  maxima,  and  standard  deviations  are 
estimated.  Table  2 presents  a summary  of  the 
stages  and  their  respective  time  distributions. 
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SYSTEM  ATTRIBUTES 

In  deriving  the  time  estimates  representative 
of  the  Item  recognition  paradigm,  a total  of  six 
logical  blocks  were  found  to  be  required  to 
correspond  to  the  four  stages.  Additionally,  It 
was  Implicitly  noted  that  the  model  must  taka  the 
aim  of  the  critical  memory  sat,  whether  the  teat 
Is  critical  or  non-crltlcal,  and  ths  probability 
of  a critical  stimulation  Into  account.  These 
are  modeled  dm  system  attributes  of  rjie  network. 
(For  actual  execution  of  the  SA1KT  computer 
model,  p fourth  system  attribute,  a counter  or 
the  number  of  times  Task  7 Is  realized  during  an 
Iteration,  must  be  introduced.)  Table  3 preset ts 
the  system  attributes  of  the  SAINT/ltem  recognition 
paradigm  modal. 

TABLE  3.  SYSTEM  ATTRIBUTES 

Attribute  Meaning 

1 M,  the  number  of  elements  In 
the  set  of  critical  stimuli 

2 PC,  the  probability  of  a 
critical  stimulus 

3 Counter  on  axacutlon  of 

of  Task  2 

4 Index  of  criticality  cr. 

current  stimulus 


THE  SAIWT  NETWORK 


In  order  to  create  a SAINT  network  model,  the 
mathematical  model  of  the  ltam  recognition 
paradigm,  developed  above,  is  tranelated  Into 
SAINT  eymbology.  The  basic  SAINT  entity  la  the 
task,  which  Is  a goal  directed  activity,  consuming 
a finite  amount  of  rime.  Tasks  may  have  special 
connotationa.  ouree  taak  serves  to  initiate  s 
sequence  of  related  activities.  A successor  task 
to  an  activity  is  one  for  which  logical  on 
mathematical  relationships  have  been  satisfied. 
These  relationships  define  ths  inter-task  branching 
of  the  SAINT  network. 

A logical  sequence  of  tasks  is  implicit  *n  the 
four  stage  model  of  the  item  tecognition  paradigm. 
The  duration  of  each  task  and  the  branching 
between  tasks  also  follow  from  this  model,  as  do 
the  system  attributes,  Two  additional  tasks, 
both  source  tasks,  complete  the  model.  One  la 
uaed  to  generate  the  stimuli  and  the  second 
facilitates  the  collection  of  statistics  on  the 
task  corresponding  to  Stimulus  Encoding  (Stag# 
i).  The  completed  network  is  prtaented  In 
Figure  V 

la  automating  ;he  network,  time  distribution 
data  sets  are  defined,  system  attributes  are 
specified  and  inltialired,  and  tasks  are  described 
as  to  their  char acter 1st U s , inf of  as' ton  aaaiea- 
mmulz.  and  successor  tasks  and  branching  procedure. 
Use  of  the  model  in  ...  iiitated  in  that  onlv  two 
independent  variables  need  be  specified:  the 

•lie  of  the  critical  ser  and  the  probability  of  a 
critical  stimulus. 
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TABLE  4.  DETAILED  OUTPUT  FOR  SINGLE  ITERATIONS 
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Fig.  3.  SAINT  Network  for  Sternberg 
Paradigm 


OUTPUT  OF  THE 

SAINT/ITEM  RECOGNITION  MODEL 

Although  the  network  used  in  the  automated 
simulation  1*  .ather  simple,  the  true  power  of 
this  modeling  approach  resides  in  the  capability 
to  rapidly  perform  and  analyze  large  numbers  of 
Iterations.  An  iteration,  in  a very  strong 
sense,  corresponds  to  a single  trial  in  an  experi- 
ment employing  live  subjects.  All  model  runs 
executed  in  performing  the  effort  reported  on  in 
this  paper  employed  500  Iterations. 

The  SAINT  model  permits  the  collection  and 
analysis  of  timing  data  at  the  individual  task 
level.  Figure  4 is  an  example  of  the  graphic 
output  for  all  iterations  of  Task  2 (Memory 
Search).  Both  histographic  and  cumulative 
representations  are  output,  it  should  be  noted 
that  2000  samples  of  this  task  are  treated.  This 
occurs  because  the  example  was  drawn  from  the 
iteration  of  « case  in  which  there  were  four 
critical  stimuli  possible  and,  therefore,  task  2 
was  cycled  four  times  In  each  iteration. 


(a)  Detailed  Output 
(M-4,  PC-. 50) 
Non-Criticjl 


(b)  Detailed  Output 
(M-4,  PC-. 50) 
Critical 


Task 

Duration 

Task 

Duration 

1 

272 

1 

275 

2 

39 

2 

38 

2 

36 

2 

47 

2 

33 

2 

45 

2 

38 

2 

41 

3 

87 

5 

49 

4 

54 

6 

48 

" 

559 

(c) 

Detailed  Output 

<d) 

Detailed  Oul 

(M-4,  PC-. 25) 

(M-4,  pc-i.; 

Non-Crlticai 

Critical 

Task 

Duration 

Task 

Duration 

1 

273 

1 

275 

2 

4T 

2 

38 

2 

40 

2 

47 

2 

35 

2 

45 

2 

32 

2 

41 

3 

47 

5 

54 

4 

46 

h 

49 

Summary  statistics,  over  all  iterations,  are 
also  provided  for  each  task.  Table  5 presents 
these  data  for  both  probabilities  of  critical 
stimulus  occurrence.  Note  that  theae  data  are 
independent  of  the  number  of  elements  in  the 
critical  set.  This  effect  is  shown  in  the  number 
of  samples  used  in  estimating  the  duration  for 
Task  2. 

TABLE  5.  5D>ttA*Y  RESULTS  FOR  SOO  ITERATIONS 
(PC  - .25)  PC  * .50 
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Task 

Sta^e 

Mean 
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: ... 

*71 
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Stimulus  Encoding 

(270)270 

(500)500 

: “ 

• ‘tt 

w a 

rllUT 

> 

Memory  Search 

( JR) IK 

(2000)2000 

' i 

sms 

3 

Response  Selection 
(Non-crlt ical ) 

(4*>*2 

(374)250 
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4 

Response  Execution 
(Non-cr 1 t leal ) 

(50)50 

( *74)250 

ee  e 
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5 

Response  Selection 
(Critical) 

(50)50 

(124)250 

' i 

*2 

•a  m 

4 

Response  Execution 
(crit iral) 

(50)50 

(124)250 

Fig.  4.  Statistics  Histogram  tor  Task  ,*  (M  ^ 4) 

Detailed  output  data  are  also  provided  (i* 
Heeded)  for  individual  iterations  or  (be  network, 
table  4a  through  d present*  such  data.  in  this 
.abjc,  the  aiSfe  Of  the  tf If  lei)  act  |»  held  equal 
fa  tour  tirfeSli  While  both  critical  4ftd  fWttl* 
critical  stimuli  are  studied  at  two  probabilities 
of  OCCurteftce.  lfi  this  IcnUt,  the  Sequence  ** 
task  releases  is  explicitly  recorded  and  the 
discrete  duration  for  each  task  release  sample  is 
also  provided. 


figufe  % present*  the  we»t  general  statement 
of  the  simulation  results,  if  |a  shown  as  a 
iineat  function  oi  the  sire  ot  the  cfiti.sl 
stimulus  Set.  the  case  depicted  is  fid  El  equal 
to  0.50.  The  least  squares  fit  for  the  mean 
critical  stimulus  data  to  given  b*  the  equation 
It  * Js(M)  * 175  ms  and  lor  t he  non-cr it ital 
stimuli  by  Rt  * )MM)  ♦ 415  ms.  ittese  equations 
are  in  agreement  with  the  data  produced  by 
Sternberg  (l**htl*?5>.  (Ike  equations  for  both 
critical  and  non^crliital  stimulations  at  PC  * 

0.25  are  colinear  with  the  critical  stimulus  line 
for  PC  * 0.50,  which  «s  in  agreement  with  Sternberg 
11*75).) 
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Fig.  5.  Reaction  Ti»e  (RT)  a*  a Function 
of  Set  Size  (M) 


CONCLUSIONS 

1.  The  two  objective*  of  this  SAINT  application 
were  satisfied.  The  use  ot  SAINT  nodding 
technique*  in  the  context  ot  psychological 
theory  was  demonstrated.  Specifically,  a 
choice  reaction  time  metric  was*  simulated  with 
close  agreement  to  the  available  literature. 

2.  To  ereatr  a network  which  represented  the 
logic  and  Interrelationships  of  the  item 
recognition  paradign.  it  was  necessary  to  make 
assumptions  which  offer  promising  opportunities 
for  experimental  confirmation  or  refutation. 

).  Because  of  the  power  afforded  by  the  iterative 
capability  of  the  model,  it  appears  possible 
to  study  subtle  variations  of  the  paradigm 
which  might  have  confounding  effects  if 
applied  in  the  laboratory. 

4.  Bet ause  of  the  modular  structure  of  the  SAINT 
network,  nev  data  and  interpretations  can  be 
readily  interpolated  into  the  model  to  improve 
its  accuracy  and  sensitivity. 
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